Ry ,‘f

National Aeronautics and Space Administration
Goddard Space Flignt Center
Contract lo. lNAS-5-2760

ST - RA -IPS =10 356

NASA TT F-9692

N65-33818 :

-

=3

= (ACCESSION NUMBER) (THRU)

®

2 /0 /[

[ 3

£ (PAGES) (CODE)

-

0

N 3‘ o)
(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

RADIOASTROIIOMICAL INVESTIGATICNMS AND IONOSPHERE
OF VENUS

by
L,D, Danilov

[ussrl

GPO PRICE §

CSFTI PRICE(S) $

Hard copy (HC) /’ M
Microfiche (MF) ’ 5D

1 653 July 65

r——

14 JULY 1965




NASA TT F-9692
ST - RA — LPS — 10 356

RADIOASTRONOMICAL T:NVESTIGATIONS AND IONOSPHERE

CF VERUS
Doxledv A,lY, GOSR, by A.D, Danilov
Aetrogomiya
Tom 162, MNo. &, 774 =777,
Izdztel'stvo "IAUKA", 1365
S ULILARY ”5% 3

The precsent work is especially devoted to the review of the
ney data related to the problem of origin of Venus' eigenstrahlung,
or own racioemission and its connection with the vnlanet's ionosphere.
“he author voints to a reries of indications that the results of radio-
as*tronorical investi-ations of Venus are apnarently linked with the
ioro<n>ere, and that it s oulc be tsken into account when interpret-
ine e-merirmentsl deta re~ardless oi the model that explzin the totsl
svectrum oi rrig-tress tervcratures of planet's radioemission.

In snite of tre fact that t. e vrecent work is not especially
Lreed uvon the meterials, which, a2ccoriin~ to the author, roint to the
vprecernce on venus o: a dence ionosphere, ne c£till believes that they

are evidence trat the screme of Venus' ionosphere is rore complex than

wos helieved so far, znd recuires furthner ascertaining.(ijJCI:z&/(~L\

*
* *

As is well known, several nrrypotheses were brought forth for
the exvlanstion of hish tenperatures of Venus' eigenstrahlung. Both,
the hotbed and tue aelospheric hypotheses anc¢ their subseguent modifi-
cations assume hi~h surfece ternerstures, whereas the ionosphere models
refer t-e hirgh tenperatures of centimeter radiocemission to the hirsh

layers of tiie atmosphere.

« RADIOASTROLONICHESIIYS ISSLEDOVANIYA I IONCOFERA VENERY,



Ir 2 preceiins work by the author [1] it wee pointed out
that the porous model of ithe ionosvhere, pronoced by Danilov ané Yatsenko
ir L2, 2], c2n explein practically all the availatle radioesstronomical
dntz on Venus. i'ew data apresred in literature in the course of the past
vear, offerin~ interest for the protlem of origin of Venus' eigenstrzh-
lunz and its connection with planet's ionosphere. The precent work is
precisely devoted to the review of these data.

4snalysis of data on pol:-rization of Venus' own ra ioemission
in 10,6 cm, obtained by Seielstadt et al (5], is presented in the work by
Soboleva and Pariyskiy [4]. This aralysis has shown that the indicated
data on vpolarization can be explained, provided we assume the existence
around Venus of a ionosphere with a number of electrons along the visual

6 .
ray equal to 10l cm 2

o If the effective thickness of the ionosphere

is about 100 km, the Soboleva and Pariyskiy's conclusion means, that
electron concentrations of the order of 109cm.'3 exist in Venus' iono-
sphere, that is precisely those reguired for the ionosphere model. It
should, however, be noted, that the reliebility of the value of polari-
zation, mezsured in [5], ie not too great (~ 0,06 %).

Clark and Spencer [6] invertigated the distribution of redio-
emission about the disk of Venus in 9.5cm with the aid of an interfero-
meter with variable base and found, that this distribution cannot be uni-
form or give a darkening toward the edge., This, apparently, constitutes
an argument against the assumption of planet surface as being the source
of emission in 9,5 cm, inasmuch as in the case of thermal emission of
the surface, darkening toward the edge of Venus should be observed, At
the same time, in case of the validity of the porous model of the iono-
sphere, it wouloc not be possible, generally speaking, to state a priori,
what the distribution of brightness temperatures about the disk would be,
inasmuch as thie would be determined by the distribution of "ionized"
clouds in the jionosphere, wiich ie still unknown.

As already indicated in the work by Priester et al [7], a
reverse correlation was revealed between the astronomicel unit measured
at 70 cm and the solar emission flux in 10.7 cm, wiich is a good indi-~

cator of solar sctivit-., The authors of [7] explzin the observed




correlation by the reflection of radiowaves with X = 70cm in the iono-
sphere of Venus, which expands at increase in solar activity and contracts
at latter's decrezse, as trie takes place in the Earth's ionosphere.

An analo~ous convarison for t:e vslue of cross section 6 of tre

reflection obteined by Goldstein during radar locstion in l2.5cm a2t time

of the 1952 conjunction ic plotted in Fir, 1. 12k \
A

Ae vre streseed in the work [8], the messu- zat;\

-2

R - . . s \ <
r-d value of € under~oes variaztions from onmiti Py Zexatpe 1962
dav to dsy, evceedins the anticipated mea- 71, 3232731 $ERBNUB2 ENN
nmmwaﬂ Deccmber/

surerert errors. In our owvinion, this .

epeaks for itzelf in fevor of tie pre-

cence in the pesth of dense iorosphere
enission, inzsruch as it is difficult
to arrue & rote.le variation oi surface reflection characteristics.
l'orecver , comparison of the v-lue of @ teken from the TFig.2of [8],
with e value of tie solar racioerisrion flux in the 10.5 cm wavelength
sheare {-re Tiz, 1) that the=e -rlues very in antiphase. The uncertainty
for the first deye of November,
00} v-ere the curve for 5 is omitted

and for the days from 9 to 15 Novem-

~r, vhere it is traced with some
uncertaintr, canrot, apparently,
chenpe the general conclusion on the
mutuelly inverse veriztion of the
quantities p10e7 ana s,

Thics rerult is difficult to

e¥vlein from the viewpoint of free

pessage of radiowaves through the
ionosvphere and reflection from the
surface, but from the standpoint of porous ionosphere mocel it is explained
quite naturally. According to this model (see Fig. 4 in [1]), the ref-
flection of the radiation, having traversed the ionosphere resions free
from dense clouds, takes place from Venus' surface. At the same tinme,

t.e cross section of reflection must be directly proportional to t-e true



TR;; =908, 865 and "LOOK, These velues stroncly exceed tie mean velue
Tbr
of teumvpersiurz- from te mean volues exceeded in hoth cares the instru-

= 515%K ouviint 13 the work un-er cornsideration [6]. The deilections

rnert~l errore oi mesrnrement., Tris mav be evicence of eristence of real
verintions of Venus' own rodioenmission temperature, particulerly in centi-
neter snd decimeter vaves. The presence of such varicztions is reother dif-
ficult to erplsin from the vievpoint of surface radiztion, for the fest
verintion of termperature or eniitincg covavility of the latter is little
procvable, At the some time, such veriction~ are guite understandable if

tiie eviiscion in the centimcter ang decineter bands is lirnked with the

M-

o-oshere, which, 28 is well inown from the investigations of the Zarth's

¢ fernetion.

.

He

ionosvhere, is quite a dvneu

Thereicre, t ere are 2% precsent a seriers of incdications to the
fret, that the rooulls ol radiorstironc icel investirations of Venus are
andsrently linked with its jio: osphere, T ir must be trizen into account
+en intervretins the exverinentzl cdzta i-“Zerencently frow what model
ie involved in the exvlecnation of t..e totel svecirum of brishtness ten-

nverstures of Venus' rzdioemirssion,

s alre-dy vointed out in [1], ro esrential difficulties arise
in the pnorous model icnosniere with the e vplanstion of constancy of ref-
lection cross sectien ovwtsined in 12 = 70 cmvevelen “ths, The results of
loca*in: merrurenents in 7, 5 ¢ ere =2lso -uite well e:pleined by this
rmodel ., s to the possitility of ermlaiiirg te e-verirental spectrum of
T%r’ t*e pre-once o' ti.ree free porometers, a8 shown in the work (161 vy
Taz'ain, allors to coardinnte practicellyr every svectrum of hrichtnees
te merstures with theory, though without additional assumptions there
i= no possibility of deteriinin~ the perazmeters themselves, As an exauple
we precent in riz.2 the curves 1 a2nd 2, Tiving somewhat difterent tem-
peratures in the microwave re ion and in the re-ion A > 10cn, These
curves are plotted on the basis of porous nodel ionospicre in the assump-
ticn thet half oi Venus' diesk is concealed by dense ionized clouds (porosity
factor = C.5), and the rensinin-: parometers ior the curves 1 2nd 2 are rec-
pectively T, (1 —R) =370 ana 350°K; T, =20 and 900°K, where T_ and

R are the true tciucrsiture cnd the reflection factor of Venus'! surface,



Thus, the points of Boischot et al [10], situszted somewkzt above
in the 12 and 21 cm wavelengths, snd of Gibsorn and Corbett [11]in 1.35cm
zre obtained in the course of the same period, vhen the authors of [10]
obrerved an increase in Ty, in the 127 and 21 cm wavelengths at time of
solar activity increase; from all the points in the 8 mmresion at high
index of activity*, a point in 8.5 mm was obtained in [12] (T, o= 1 o°K),
giving the highest temperature, To the contrary, the Drake pointis in 21
and 40 cm (520 and 4OOPK, respectively) [13] were obtained at a very low
solar activity 0%1007,v'80 un,). For a detailed irvestigation of the
question it is obviously necessary to compare the values of Ty, by days
of ohservations with the value of 3310‘7 or otier indices of activity.

The gquantities 712 ang Til , ottzined by Drake [13], aprzrently
br

h

o)

sperx for themselves arrinst the hotbed model or other models assuring
the vlezret's rcurfrce ag ‘einz the source of epission. In case of radia-
tio- by t*e surface tl:e bri~tness tenpersiure must be constant for

A> 7~ %c¢cnm, a5 thir wes assured so frr in the hotbed mocel. It would be
i-norritle to postul-te, as wre donc by Dreke, that tre lowering of tem~
ner=ture at ~rc-rt weveler “ths wee crused br ihe decresse in the emitting
ca2natility of tle surface, sirce tiie radar data zive the reflection factor
of t-e surfece in the 1z -~ 70 cm re-ion constant values. Berides, there
are in 21 cm necsurements by other authors,giving tewuperaitures of the
orier of 600°K, near the teuveratures in 3 a.d 10 cm and the Findley
point in 40 cz [14]; t.erefore, if the mecrsurements by Drake [13] are
correct, one may onl: sweak of bri-:itness temperature variztions in 21

anéd 40 c¢cn,

As is well novr, arnalogous variztions of brightness temperatures
were observed in a2 series of other experiments., Thus, in the work [15]
by Sslononovich and Kuz'nin, it i= pointed out thet very hi~h brightness
tenpcret res ol Venus, exceedin~” 150001{, mere ohrerved on certain days
in 10 em, which led to a i ween value of bri-htness temperzture,
T.}}ioa 690°K.

Ti~h velues of Venus'™richtnesc temver-~ture in 21 cii were brournt

out in tie work bv ClLar: 24 Ivnencer LEJ; thev were obtsined in three

o

yneriments efiected in il:e course of one day (27 entemver 1962);

1
= wiiw

* 10.7 acA _ 2AA 11nm
JG -/\.—' /‘\‘V



reflection fector of +le surfrce mrterizl =nd to tie fzctor of ionosvhere
worcusnesg, tihat is of tle relative share of vorous c=ndé dence re ‘ions on
t e nleanet's risk. As the golrr mctivity incre=res, the surface of ovti-
crlly dernce re "ions Yor & raiistion with A =1s crt must increcace, thus
leadin- to 2 decrerce o’ reilection croes rection otteined in these waves
é»ring location.

Jemes and Inrless [9] w»oint to the fact thst the increase in
te reilection crose section in 7. "mweves (. 15%) by comparison with
that for waves of the decimeter band ( ~107) can be explzined by a dense
iouosnhere,althoush the explaration of cross section increase in 7.85 cm
is esiimated in theti work ss rore trotatle on cccount of the presence of
g2 surfeee laver trsnsuarent for meter viaves and ovacue for the centimeter

WeEves.

In Cetoncr=deca=ior 1762, Boischot et al [10) measured the tem-
persiure of Tenur' own radioenission (eienctrehlunz) in the 13 and 21 cm

vavelen~ths, "t the serme tire on increzre of the enission temperszture
vee re i-tered i+ totn wavelen-ils, wi.ich tle zutiors of [10] 1link with

. . - . PR

e ircrczse of soler ectivit durins the reriod from 13 to 17 YNovember.

e

Thie wav urortz:ly be 2~ i-dicriion of tl.e link Yetween the rasdir-tion in

-

t

~e indicsted weveler 'tk rence with the ionos “iere, for in cese of hotbed

riosel no such dependence s-ould be o .cerved: incee”? [ the intenrity of
golsr raficztion in the visille region of ti:e svectrum does not undergo
noticeable variation,

Incsriuch as tie -uestion oi dependerce of the brightness tempera~
tures, o:tained ir various wavelen~-ths, on solar radioemission flux offers
great interest, we heove attemuted to find the devendence of the mean
values of Tbr’ brou~nt out in Fi=.2, on P(E)LO"?' However, most of these
~uantities were obtaincd as a rezult of averaring of teuperatures measured
in the course of sever-l rnionths when the ra’iation flux varied, and that
i~ whv tie efiect, searched for, should be smoothed., Becides, relatively
few measurements were conducted during hich =solar activity, for most of
the e neriments refer to latest yesrs, wiern the soler activity was low,

Trus we mav voint only to certain cuaiitative conclusions.



ané T

w L& the temperature of the dense re:-ione of the iorosphere. As

mey be seen from Fiz. 2, the theoretical curves give a satisfactory agree-
ment with nearly all t%e evprerimental data, except for the points of

Drake in the 21 and L0 ¢~ vo-—elensth, which were discussed above.

In conclusion it is necessary to note that this work was based
upon the material, whichk, in the o»inion of the zuthor, points to the pre-
sence at Venus of a dense ionosphere, At the same time, however, there
remain some data, which cannot, so far, be interpreted from the ionosphere
viewnoint or are even in contradiction with the ionosphere hypothesis.

"¢ may refer to these data, for example, tiie Carpenter conclusion [17]
relative to the fact that absorntion of waves at 12.5 em in Venus' atno-
svhere ic small, the result of radar location oi Venus in 3.75cm, giving

a low (0,2%) velue of the reflection cross section in that wave, the
recults of tiic latcst erveriments by A.7, Yuz'min, etc, It is possibvle,
hovever, that there re~ults, provided ti.er are reliakle, are only evidence
th-t the scheme of Venus'! iorosvnhere is more conplex than that considered

gc Tar, In ary cese, t'e recuirement of detailed clarificstion of the possi-
hilities ol th:e ionosphere h-mothesis is still more obvious, than at time

of writing tre vrecedin- work bty t.e autkor [11].
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